In this paper, we modelled the journal beatings as distributed springs and dampers to investigate the influence of beating width on the vibration characteristics of a rotor-beating system. A quadratic function is used as a shape function for hydrodynamic journal bearings. And a trapezoidally or a quadratically distributed model is used as a shape function for hydrostatic journal bearings. A finite element method is applied for analyzing the vibration characteristics of a rotor-bearing system. Dimensionless governing equations are derived for a uniform rotor supported by two journal bearings, which are modelled as point supported or distributed springs and dampers. For these models, natural frequencies for various beating length ratios and stiffness ratios between the bearing and the shaft are calculated and compared with each other. Then the stability limits of a rotor supported by two cylindrical journal beatings are calculated for the point supported or distributed springs and dampers.
INTRODUCTION
present, the development of turbomachinery tends to increase the rotating speed for the purpose of decreasing the weight to power ratio of machines. So, the vibration is one of the most important problems to be solved. In analyzing the dynamic behavior of rotorbearing systems, various mathematical models have been developed and used over the past few decades. A finite element approach is one of the most widely used methods for this purpose.
In the early finite element investigations, many effective models considering gyroscopic effect, axial force, torque, internal viscous damping, internal hysteretic damping and shear effects for uniform or tapered shafts were developed by Nelson [1980] , 0zguven and Ozkan [1984] , Rouch and Kao [1979] , and Gmtir and Rodrigues [1991] . The bearings were simplified as point supported or uniformly distributed springs and dampers by Mourelatos and Parsons [1987] . It is a reasonable assumption when using ball bearings or short width journal beatings.
However, in the case of a long width journal bearing the pressure created in journal is different along the axial direction as well as radial direction. So, when the bearing width increases for the sake of large bearing load capacity, the bearing force is no more a point force. The pressure distribution in axial direction of a hydrodynamic journal bearing is quadratic function or trapezoidal function for a hydrostatic journal bearing.
In the present study, journal bearings are modelled as quadratically and trapezoidally distributed springs and dampers along the shaft. For these models natural frequencies for various design parameters are calculated and compared to each other. And the stability limits of the rotating speed are calculated for an example rotor using two types of support model.
MODELING AND GOVERNING EQUATIONS
The finite element equation for a typical rotor-bearing system can be written as [M]{q} + ([C] FIGURE 3 show the shapes of dynamic coefficients of typical hydrodynamic and twoline feed hydrostatic journal bearings, respectively. We approximate these shape functions as quadratic o,r trapezoidal functions, which are shown in FIGURE 4. These approximated shapes are shown by dashed lines in FIGURE 2 and FIGURE 3.
Bearing where 0,1, and 2 represent point supported, uniformly and quadratically distributed models, respectively.
For a two-line feed hydrodynamic bearing we can rewrite equation (2) as follows.
The shape functions, fi, are given in APPENDIX.
NONDIMENSIONALIZATION
In this study, we consider the uniform shaft supported by two journal bearings as in FIGURE 5 to estimate the effects of bearing width on vibration characteristics. The governing equations of this system are given by equation (1). The equations of this model shown in FIGURE 5 can be rewritten by using the following dimensionless quan- Then, using the parameters in equation (6) the nondimensionalized equations are derived as
The generalized eigenvalue problem can be caed out, after reaanging equation (8) 
where 60kp is the k-th natural frequency of the point supported model and 6Oki is the k-th natural frequency of other models. From these results it can be observed that the difference is considerable as the bearing length ratio is increased.
Similar calculations are carried out with varying the stiffness ratio of bearings for the beating length ratio of 0.1. From FIGUREs 8 and 9 it can be seen that differences between other models are increased as the bearing stiffness ratio is increased, but the difference ratio is almost independent of the beating stiffness ratio except for the 1st natural frequency of uniformly distributed model.
Example 2
We consider the rotor model which has three discs and supported by two cylindrical journal bearings as shown in FIGURE 10. The stability limit of the rotating speed is calculated for two types of support models, i.e., point supported model and quadratically distributed one. The results are shown in FIGURE 11. (The results of Glinicke et al. [1980] are used as the rotor-dynamic coefficients of the cylindrical journal bearings for some B/D ratios. The data of the discs are shown in TABLE 2.)
From these results it is found that the stability limit of distributed model is lower than that of point supported one in the case of small B/D. The reason is that the logarithmic decrements of distributed model are smaller than those of point supported one. 
